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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a magnetic recording 
medium which is capable of improving thermal fluctuation 
characteristics without deteriorating output characteristics, noise 



-— .^ -4 characteristics, etc. 

• •-^ ^2 SOLUTION: A nonmagnetic substrate 1 is provided thereon with an 
1 orientation control film 3, a perpendicular magnetic film 4 and a 
protective film 5 and the orientation control film 3 contains Hf and 
A 9 50 of the orientation control film 3 is smaller than A 6 50 of the 

z-1" ftfSft FJfillft perpendicular magnetic film 4 and is specified to a range from 2 to 

3 ; Klqi^IOMr 

4 itfiMa 15 ; in addition, the reverse magnetic domain forming magnetic field 

5 vSlSl^i : 

of the perpendicular magnetic film 4 is specified to 0 to 2,500 (Oe). 
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* * NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

"I.This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1]They are provided by an orientation controlling film which controls the stacking tendency of a film 
right above at least, a perpendicular magnetic film in which an easy axis mainly carried out orientation 
vertically to a substrate, and protective film on a nonmagnetic substrate, and an orientation controlling film, 
A magnetic recording medium, wherein deltathetaSO of an orientation controlling film is smaller than 
deltathetaSO of a perpendicular magnetic film, and is made into the range of 2 to 15 degrees and a reverse 
magnetic domain nucleation magnetic field of a perpendicular magnetic film is set to 0-2500 (Oe) including 
Hf. 

[Claim 2]The magnetic recording medium according to claim 1, wherein an orientation controlling film is what 
consists of a Hf alloy containing one sort chosen from among Y, Ti, Zr, Nb, Ta, Rh, Au, aluminum, Cr, C, O, 
and N, or two sorts or more. 

[Claim 3]The magnetic recording medium according to claim 1, wherein an orientation controlling film is what 
consists of a Hf alloy containing one sort chosen from among Si oxide, Zr oxide, a Ti oxide, an Al oxide, and 
B, or two sorts or more. 

[Claim 4]It is a magnetic recording medium given in any 1 paragraph among claims 1-3, wherein a soft 
magnetism ground film which consists of soft magnetic materials is provided between a nonmagnetic 
substrate and an orientation controlling film. 

[Claim 5]An orientation controlling film which controls the stacking tendency of a film right above at least on 
a nonmagnetic substrate. 

A perpendicular magnetic film in which an easy axis mainly carried out orientation vertically to a substrate. 
A protective film. 

It is a manufacturing method of a magnetic recording medium provided with the above, and including Hf, it is 
smaller than deltatheta50 of a perpendicular magnetic film in deltatheta50 of an orientation controlling film, 
and an orientation controlling film is made into the range of 2 to 15 degrees, and a reverse magnetic domain 
nucleation magnetic field of a perpendicular magnetic film is set to 0-2500 (Oe). 

[Claim 6]An orientation controlling film which is provided with a magnetic recording medium and a magnetic 
head which carries out record reproduction of the information to this magnetic recording medium and in 
which a magnetic recording medium controls the stacking tendency of a film right above at least on a 
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nonmagnetic substrate, They are provided by a perpendicular magnetic film in which an easy axis mainly 
carried out orientation vertically to a substrate, and protective film, and an orientation controlling film, A 
magnetic recorder and reproducing device, wherein deltatheta50 of an orientation controlling film is smaller 
than deltatheta50 of a perpendicular magnetic film, and is made into the range of 2 to 15 degrees and a 
reverse magnetic domain nucleation magnetic field of a perpendicular magnetic film is set to 0-2500 (Oe) 
including Hf. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention]This invention relates to a magnetic recording medium, its manufacturing method, 

and the magnetic recorder and reproducing device that used this magnetic recording medium. 

[0002] 

[Description of the Prior Art]Conventionally, the field inner magnet mind recording medium in which the 
easy axis in a magnetic film mainly carried out orientation in parallel to the substrate is used widely. In a field 
inner magnet mind recording medium, although it is necessary to make a noise low for realizing high 
recording density-ization, since the volume of this particle will become small if diameter-ization of a granule 
of a magnetic particle is attained for noise reduction, it becomes easy to produce aggravation of the 
reproducing characteristics resulting from heat fluctuation. When storage density is raised, a medium noise 
may increase under the influence of the demagnetizing field in a recording bit boundary. On the other hand, 
the perpendicular magnetic recording medium, as for, the easy axis in a magnetic film mainly carried out 
orientation vertically to the substrate, Since a recording magnetic domain with small influence of the 
demagnetizing field in bit boundaries and a clear boundary is formed even when it 
high-recording-density-izes, big attention is attracted from the ability of the heat fluctuation characteristic 
and noise figure to be improved. As an example of a perpendicular magnetic recording medium, what was 
indicated by JP.60-21441 7,A and JP,63-21 1 1 1 7,A can be mentioned. Co alloys, such as a CoCr alloy which 
can enlarge magnetic anisotropy, are usually used for the perpendicular magnetic film of a perpendicular 
magnetic recording medium. When a Co alloy magnetic film is directly formed on a nonmagnetic substrate, 
the crystal orientation of a magnetic film deteriorates, and since it becomes uneven [ the particle diameter 
of a columnar crystal 1 the trial which raises the crystal orientation (C axis stacking tendency) of a 
magnetic film is made by providing a ground film between a nonmagnetic substrate and a perpendicular 
magnetic film. In order for the material which makes hexagonal-closest-packing structures, such as Ti, to 
tend to carry out orientation of the crystal to (0001), it is reported by by using this for a ground film that the 
stacking tendency of a Co alloy magnetic film is improvable. The perpendicular magnetic recording medium 
using the ground film containing Ti is indicated to IEEE Transactions on Magnetics MAG. and 19 (1983) 1644. 
The technique of improving C axis stacking tendency of Ti content ground film and a Co alloy magnetic film 
is proposed by JP,7-101495,B by providing the film which consists of Si, germanium, Sn, etc. under Ti 
content ground film. By making Ti content ground film contain other elements, to the patent No. 2669529 
gazette, the compatibility of the lattice between a ground film and a Co alloy magnetic film is improved, and 
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the technique of raising C axis stacking tendency of a Co alloy magnetic film is proposed. 
[0003] 

[Problem(s) to be Solved by the Invention]In recent years, in order to raise the magnetic properties of a 
perpendicular magnetic recording medium and to realize further high recording density-ization, it is 
requested that magnetic properties, such as output characteristics and noise figure, are raised. In order to 
acquire outstanding recording reproduction characteristics and noise figure, the minuteness making of the 
magnetic particle in a magnetic film, equalization, magnetic isolation, etc. are effective, but since a magnetic 
particle becomes small in this case, there is a problem to which the heat fluctuation characteristic falls 
easily. In light of the above-mentioned circumstances, an object of this invention is to provide the magnetic 
recording medium which can raise the heat fluctuation characteristic, its manufacturing method, and a 
magnetic recorder and reproducing device, without degrading output characteristics, noise figure, etc. 
[0004] 

[Means for Solving the Problem]As for an orientation controlling film, deltathetaSO of an orientation 
controlling film is smaller than deltathetaSO of a perpendicular magnetic film including Hf, and a magnetic 
recording medium of this invention is made into the range of 2 to 15 degrees, and a reverse magnetic domain 
nucleation magnetic field of a perpendicular magnetic film is set to 0-2500 (Oe). An orientation controlling 
film shall consist of a Hf alloy containing one sort chosen from among Y, Ti, Zr, Nb, Ta, Rh, Au, aluminum, Cr, 
C, O, and N, or two sorts or more. An orientation controlling film shall consist of a Hf alloy containing one 
sort chosen from among Si oxide, Zr oxide, a Ti oxide, an Al oxide, and B, or two sorts or more. Between a 
nonmagnetic substrate and an orientation controlling film, a soft magnetism ground film which consists of 
soft magnetic materials can also be provided. Including Hf, a manufacturing method of a magnetic recording 
medium of this invention is smaller than deltatheta50 of a perpendicular magnetic film in deltatheta50 of an 
orientation controlling film, and makes an orientation controlling film the range of 2 to 15 degrees, and sets 
a reverse magnetic domain nucleation magnetic field of a perpendicular magnetic film to 0-2500 (Oe). An 
orientation controlling film in which a magnetic recorder and reproducing device of this invention is provided 
with a magnetic recording medium and a magnetic head which carries out record reproduction of the 
information to this magnetic recording medium, and a magnetic recording medium controls the stacking 
tendency of a film right above at least on a nonmagnetic substrate, A perpendicular magnetic film in which 
an easy axis mainly carried out orientation vertically to a substrate, and a protective film are provided, 
Including Hf, as for an orientation controlling film, deltatheta50 of an orientation controlling film is smaller 
than deltatheta50 of a perpendicular magnetic film, and it is made into the range of 2 to 15 degrees, and a 
reverse magnetic domain nucleation magnetic field of a perpendicular magnetic film is set to 0-2500 (Oe). 
[0005] 

[Embodiment of the Invention] Prawing 1 is a section lineblock diagram showing typically the composition of 
the magnetic recording medium which is the 1 embodiment of this invention. As shown in drawing 1 , the soft 
magnetism ground film 2, the orientation controlling film 3, the perpendicular magnetic film 4, the protective 
film 5, and the lubricating film 6 are formed on the nonmagnetic substrate 1, and the magnetic recording 
medium of this embodiment is constituted. The aluminium alloy substrate, the glass substrates (glass 
ceramics, tempered glass, etc.), the ceramics board, the carbon board, silicon substrate, and silicon carbide 
substrate which have the NiP plating film generally used as a substrate for magnetic recording media as the 
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substrate 1 can be mentioned. The substrate which formed the NiP film by plating, a sputtering technique, 
etc. can be mentioned to these substrates. It is preferred for average-of-roughness-height Ra of the 
surface of the substrate 1 to be referred to as 0.01-2 nm (preferably 0.05-1.5 nm). Adsorption of a magnetic 
head to a medium and the magnetic head vibration at the time of record reproduction take place that 
surface average-of-roughness-height Ra is less than this range easily. If surface 
average-of-roughness-height Ra exceeds this range, the glide characteristic will become insufficient easily. 
[0006]Since magnetization of the perpendicular magnetic film 4 is more firmly fixed in the direction vertical 
to the substrate 1, the soft magnetism ground film 2 is formed, as the soft magnetic materials which 
constitute the soft magnetism ground film 2 — Fe — more than 60at% — the Fe alloy to contain can be 
used. As this material, a FeCo system alloy (FeCo, FeCoV, etc.), A FeNi system alloy (FeNi, FeNiMo, FeNiCr, 
FeNiSi, etc.), A FeAl system alloy (FeAl, FeAISi, FeAISiCr, FeAISiTiRu, etc.), FeCr system alloys (FeCr, 
FeCrTi, FeCrCu, etc.), FeTa system alloys (FeTa, FaTaC, etc.), a FeC system alloy, a FeN system alloy, a 
FeSi system alloy, a FeP system alloy, a FeNb system alloy, and a FeHf system alloy can be mentioned. The 
soft magnetism ground film 2 can be considered as the composition which consists of fine crystals, such as 
FeAlO, FeMgO, FeTaN, and FeZrN. This fine crystal can also have composition which has the granular 
structure distributed in the matrix, the soft magnetism ground film 2 — Co besides the above — more than 
80at% — the Co alloy which contains and contains one sort or two sorts [ or more ] or more in Zr, Nb, Ta, Cr, 
Mo, etc. can be used. For example, CoZr, CoZrNb, CoZrTa, CoZrCr, CoZrMo, etc. can be mentioned as a 
suitable thing. The soft magnetism ground film 2 shall consist of an alloy which makes amorphous structure. 
[0007]As for the soft magnetism ground film 2, it is preferred that the saturation magnetic flux density is 
more than 0.8T. A regenerative waveform is confused as saturation magnetic flux density is less than 
[ 0.8T ], and there is a possibility that a noise may increase. Although it is preferred to make it as small as 
possible as for the coercive force of the soft magnetism ground film 2, if it is made smaller than 200 (Oe) 
and (15.8x10 3 A/m), sufficient magnetic properties can be acquired practical. 

[0008]The thickness of the soft magnetism ground film 2 is suitably set up with the saturation magnetic flux 
density of the material which constitutes the soft magnetism ground film 2. Specifically, it is desirable for 
Bs-t (T-nm) which is a product of the saturation magnetic flux density Bs of the material which constitutes 
a soft magnetism ground film (T), and thickness [ of the soft magnetism ground film 2 ] t (nm) to be 40 or 
more (preferably 60 or more T-nm) T-nm. 

[0009]As for the surface (inside of drawing 1 , upper surface) of the soft magnetism ground film 2, it is 
preferred that the material which constitutes the soft magnetism ground film 2 has oxidized selectively or 
thoroughly. As for the thickness of this oxidized part (oxidizing zone), it is preferred to be 0.1 -nm or more 
referred to as less than 3 nm. The state where the soft magnetism ground film 2 oxidized can be checked by 
Auger electron spectroscopy, the SIMS method, etc. It can ask for the thickness of the oxidized part 
(oxidizing zone) of the soft magnetism ground film 2 surface, for example with the transmission electron 
microscope (TEM) photograph of a medium section. 

[0010]The orientation controlling film 3 is a film provided in order to control the stacking tendency and 
crystal grain diameter of the perpendicular magnetic film 4 which are located right above. The material 
containing Hf is used for the orientation controlling film 3 in the magnetic recording medium of this 
embodiment. As a material of the orientation controlling film 3, Hf may be used and Hf alloy containing Hf 
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and other elements may be used. 

[001 1]What contains one sort chosen from among Y, Ti, Zr, Nb, Ta, Rh, Au, aluminum, Cr, C, O, and N or two 
sorts or more (henceforth an alloying element) as this Hf alloy can be mentioned. As an example of Hf alloy, 
Hf-Y f Hf-Ti, Hf-Zr f HiHMb, Hf-Ta, H1^Rh, Hf-Au, H^aluminum, HiH>, Hf~C, Hf-O, and Hf-N can be 
mentioned. 

[0012]When using Hf alloy which contains one sort or two sorts or more in Y, Nb, Ta, Rh, and Au in the 
orientation controlling film 3, it is preferred for the content of the alloying element in the orientation 
controlling film 3 to consider it as 0.1 - 10at% (preferably 0.1 - 5at%). When using Hf alloy containing one sort 
or two sorts or more in Ti, Zr, aluminum, and Cr, it is preferred for the content of the alloying element in the 
orientation controlling film 3 to consider it as 0.1 - 50at% (preferably 0.1 - 30at%). When using Hf alloy 
containing C, it is preferred for the content of C in the orientation controlling film 3 to consider it as 0.1 - 
30at% (preferably 0.1 - 15at%). When using Hf alloy which contains either at least among O and N, it is 
preferred for the content of the alloying element (O, N) in the orientation controlling film 3 to use less than 
40at% (preferably 30at% less than). As for the content of O and N, it is preferred to use more than 1at%. 
When the content of an alloying element crosses a mentioned range, the stacking tendency of the 
orientation controlling film 3 gets worse, the stacking tendency of the perpendicular magnetic film 4 
deteriorates, and an adverse effect may attain to output characteristics and noise figure. 
[0013]Hf alloy containing one sort chosen from among Si oxide, Zr oxide, a Ti oxide, an Al oxide, and B or 
two sorts or more can also be used for the orientation controlling film 3. As an example of this Hf alloy, 
Hf^Si0 2 , H^-Zr0 2 , Hf-Ti0 2 , and H^aluminum 2 0 3 and Hf-B can be mentioned. In the orientation controlling 
film 3, it is preferred for the content of the above-mentioned material (Si oxide, Zr oxide, a Ti oxide, an Al 
oxide, one or more sorts among B) to consider it as 1 - 50at% (preferably 1 - 40at%). When this content 
crosses a mentioned range, the stacking tendency of the orientation controlling film 3 gets worse, the 
stacking tendency of the perpendicular magnetic film 4 deteriorates, and an adverse effect may attain to 
output characteristics and noise figure. The alloy which contains other elements in the range which does 
not worsen the crystal structure of the above-mentioned alloying element, an oxide, and not only B but the 
orientation controlling film 3 can also be used for the orientation controlling film 3. 

[0014]In the magnetic recording medium of this embodiment, deltathetaSO of the orientation controlling film 
3 is smaller than deltathetaSO of the perpendicular magnetic film 4, and let it be the range of 2 to 15 degrees 
(preferably 2 to 10 degrees). deltathetaSO of the orientation controlling film 3 causes degradation of noise 
figure as it is less than a mentioned range. If deltathetaSO crosses a mentioned range, resolution will fall. 
deltathetaSO here shows inclination distribution of the crystal face of the film concerned, and, specifically, 
says the full width at half maximum of the locking curve about the specific orientation surface in a 
membrane surface. deltathetaSO can be said for the crystal orientation of the film concerned to be high, so 
that a numerical value is small. In this embodiment, deltathetaSO of the orientation controlling film 3 is 
related with the orientation surface (0002) of hep structure. 

[001 5] Hereafter, the measuring method of deltathetaSO is explained by making into an example the case 
where deltathetaSO of the orientation controlling film 3 surface is measured. 

(1) As shown in the peak position decision diagram 2 , irradiate with the incident X ray 21 the disk D with 
which the orientation controlling film 3 was formed in the surface side, and the diffracted-X~ray detector 23 
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detects the diffracted X ray 22. The position of the detector 23 is set up so that the angle (angle of the 
diffracted X ray 22 to the extension wire 24 of the incident X ray 21) to the incident X ray 21 of the 
diffracted X ray 22 detected by this detector 23 may become [ the twice to the disk D surface of the 
incident X ray 21 1 i.e., 2 theta, the incidence angle theta. When irradiating with the incident X ray 21, while 
changing the incidence angle theta of the incident X ray 21 by changing direction of the disk D, Making it this 
interlocked with and making it change so that an angle [ as opposed to the incident X ray 21 of the 
diffracted X ray 22 for the position of the detector 23 ] may maintain 2 theta (namely, angle which is twice 
the incidence angle theta of the incident X ray 21). The theta~2theta scanning which measures the intensity 
of the diffracted X ray 22 with the detector 23 is performed, the relation between theta and the intensity of 
the diffracted X ray 22 is investigated, and the position of the detector 23 that the intensity of the diffracted 
X ray 22 serves as the maximum is determined. The angle 2 theta to the incident X ray 21 of the diffracted 
X ray 22 in this detector position is called 2thetap. From obtained angle 2thetap, a dominant crystal face 
can be known in the orientation controlling film 3 surface. 

[001 6](2) As shown in the decision diagram 3 of a locking curve, where the angle 2 theta of the diffracted X 
ray 22 fixed the detector 23 to the position used as 2thetap and the detector 23 is fixed, By changing only 
direction of the disk D, the incidence angle theta of the incident X ray 21 is changed, and the locking curve 
which shows the relation between the incidence angle theta and the intensity of the diffracted X ray 22 
detected by the detector 23 is created. Since the angle 2 theta of the diffracted X ray 22 fixes the position 
of the detector 23 to the position used as 2thetap, a locking curve expresses distribution of the inclination 
to the disk D side of the crystal face of the orientation controlling film 3 surface. Drawing 4 shows the 
example of a locking curve. In deltathetaSO, the full width at half maximum which shows the orientation 
surface concerned in this locking curve is said. 

[0017]It is preferred for the thickness of the orientation controlling film 3 to be referred to as 50 nm or less 
(preferably 30 nm or less). If this thickness crosses a mentioned range, the particle diameter of a crystal 
grain will become large within the orientation controlling film 3, and it will become easy to make the magnetic 
particle in the perpendicular magnetic film 4 big and rough. Since the distance of the magnetic head and the 
soft magnetism ground film 2 at the time of record reproduction becomes large, the resolution of a 
regenerative signal falls and noise figure deteriorates, it is not desirable. As for the orientation controlling 
film 3, since the crystal orientation of the perpendicular magnetic film 4 will deteriorate if too thin, it is 
preferred to form so that thickness may be set to 0.1 nm or more. As for the orientation controlling film 3, it 
is preferred to take hep structure. 

[0018]The perpendicular magnetic film 4 is a magnetic film in which the easy axis mainly carried out 
orientation vertically to the substrate, and it is preferred to use a Co alloy for this perpendicular magnetic 
film 4. For example, the alloy which added one sort or two sorts or more of elements chosen as a CoCrPt 
alloy, CoPt alloys, or these alloys from Ta, Zr, Nb, Cu, Re, Ru, V, nickel, Mn, germanium, Si, B, O, N, etc. can 
be used. 

[0019]The perpendicular magnetic film 4 can also be made into layer structure uniform to a thickness 
direction, and can also be made into the multilayer structure which laminated the layer which consists of 
transition metals (Co, Co alloy), and the layer which consists of the precious metals (Pt, Pd, etc.). When 
considering it as multilayer structure, the above-mentioned CoCrPt system alloy, a CoPt system alloy, etc. 

7 



JP 2002-329305 

can be used for the Co alloy used for a transition metal layer. In using a CoCrPt system alloy, in order to 
improve perpendicular magnetic anisotropy, it is more preferred to make Pt content into 8 - 24at%. As for 
precious-metals layer thickness, it is preferred to consider it as the range of 0.4-1.4 nm. If setting out of 
that thickness becomes difficult and becomes larger than 1.4 nm while the coercive force He and a reverse 
magnetic domain nucleation magnetic field will fall, if this thickness becomes smaller than 0.4 nm, coercive 
force will decline. It is preferred for the thickness of a transition metal layer to be referred to as 0.1 nm - 0.6 
nm (preferably 0.1-0.4 nm). If this transition metal layer is too thin, while the coercive force He and a 
reverse magnetic domain nucleation magnetic field will fall, setting out of thickness becomes difficult, and if 
too thick, noise figure will get worse. In the multilayer-structure type perpendicular magnetic film 4, as for 
the bottom of the heap, although any are not cared about as the top layer among these transition metal 
layers and a precious-metals layer, it is preferred to consider it as a precious-metals layer. Although each 
of layer structure type perpendicular magnetic films which consist of the above-mentioned Co alloy, and 
multilayer-structure type perpendicular magnetic films turns into polycrystal membrane, in the magnetic 
recording medium of this invention, the perpendicular magnetic film of amorphous structure is also 
applicable. Specifically, the alloy containing rare earth elements, such as a TbFeCo system alloy, can be 
used. 

[0020]As for the thickness of the perpendicular magnetic film 4, although what is necessary is just to 
optimize suitably by the target reproducing output, since in the case of which [ of a layer structure type and 
a multilayer-structure type ] the problem of that noise figure gets worse, resolution falling arises easily in 
being too thick, it is preferred that it is 3-100 nm. As for the perpendicular magnetic film 4, it is preferred 
that it is what makes hep structure. 

[0021 ]In this magnetic recording medium, the reverse magnetic domain nucleation magnetic field (-Hn) of 
the perpendicular magnetic film 4 is set to 0-2500 (Oe). If heat fluctuation tolerance falls that a reverse 
magnetic domain nucleation magnetic field (-Hn) is less than a mentioned range and a mentioned range is 
crossed, noise figure will deteriorate. As shown in drawing 5 , a reverse magnetic domain nucleation magnetic 
field (-Hn) is a process in which an external magnetic field is decreased in a hysteresis curve (MH curve) 
from the state (numerals c) with which magnetization was saturated, and it can express with the distance 
(Oe) to the point b of starting flux reversal from the point a that an external magnetic field is set to 0. A 
reverse magnetic domain nucleation magnetic field (-Hn) takes a positive value, when the point b of starting 
flux reversal has an external magnetic field in the field used as negative (see drawing 5 ), and when the point 
b has an external magnetic field in the field used as positive conversely, it takes a negative value (see 
drawing 6 ). It is suitable for measurement of a reverse magnetic domain nucleation magnetic field (~Hn) to 
use a Kerr effect measuring device or an oscillating-type magnetic-properties measuring device. 
[0022]The protective film 5 is for preventing damage to a medium surface, when a magnetic head contacts 
a medium, and securing the lubrication characteristic between a magnetic head and a medium while 
preventing the corrosion of the perpendicular magnetic film 4, It is possible to use a publicly known material 
conventionally, for example, it is usable in the single composition of C, Si0 2 , and ZrO z , or the thing which 
makes these the main ingredients and contains other elements. As for the thickness of the protective film 5, 
it is preferred to consider it as the range of 1-10 nm. 

[0023]Publicly known lubricant, such as perfluoro polyether, fluorinated alcohol, and fluorination carboxylic 
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acid, can be used for the lubricating film 6. The kind and thickness can be suitably set up according to the 
characteristic of the protective film used or lubricant. 

[0024]In order to manufacture the magnetic recording medium of the above-mentioned composition, on the 
substrate 1 shown in drawing 1 , the soft magnetism ground film 2 is formed by a sputtering technique etc., it 
ranks second, oxidation treatment is performed to the surface of this soft magnetism film 2 if needed, and, 
subsequently the orientation controlling film 3 and the perpendicular magnetic film 4 are formed by a 
sputtering technique etc. one by one. Subsequently, after forming the protective film 5 by the sputtering 
technique, a CVD method, the ion beam method, etc., the lubricating film 6 is formed with a dip coating 
method, a spin coat method, etc. 

[0025]When performing oxidation treatment to the surface of the soft magnetism ground film 2, after 
forming the soft magnetism ground film 2, the method of putting the soft magnetism ground film 2 to oxygen 
containing gas and the method of introducing oxygen into the process gas at the time of forming the portion 
near the surface of the soft magnetism ground film 2 can be taken. For example, the method of putting the 
surface of the soft magnetism ground film 2 to the gas, the atmosphere, and pure oxygen which diluted 
oxygen with rare gas, such as argon, about 0.1 to 30 seconds can be taken. Specifically, a desirable oxidation 
state can be acquired by putting the soft magnetism ground film 2 surface to the atmosphere of the oxygen 
gas pressure more than 10 ~ 3 Pa for 0.1 to 30 seconds to the degree of vacuum of 10 ~ 4 - 10 " 6 Pa. When 
putting the soft magnetism ground film 2 to oxygen containing gas, the degree of oxidation can be adjusted 
by setting up suitably the quantity of the oxygen to be used, and the exposure period to oxygen. In using the 
gas which diluted especially oxygen with rare gas, such as argon, adjustment of the degree of oxidation of 
the soft magnetism ground film 2 surface becomes easy. When introducing oxygen into the process gas for 
membrane formation of the soft magnetism ground film 2, the method of performing weld slag using the 
process gas which made a part of membrane formation time containing oxygen (for example, for 1 second 
before the end of membrane formation) can be taken, for example, using a sputtering technique as a 
forming-membranes method. As this process gas, the gas which mixed oxygen 0.05% - about 10% by the 
volume rate is suitably used for argon, for example. By scaling of this soft magnetism ground film 2, the 
magnetic fluctuation of the outermost surface of the soft magnetism ground film 2 can be suppressed, 
minuteness making of the crystal grain of the orientation controlling film 3 formed on the soft magnetism 
ground film 2 can be carried out, and the improvement effect of noise figure can be acquired. With the 
barrier layer function of the oxidized part of the soft magnetism ground film 2 surface, it can suppress that 
a staining substance moves to a medium surface from the soft magnetism ground film 2 or the nonmagnetic 
substrate 1, and generating of the corrosion of a medium surface can be suppressed. 

[0026]When using Hf for the orientation controlling film 3, the orientation controlling film 3 can be formed by 
a sputtering technique using the target which consists of Hf(s). When using Hf alloy, the orientation 
controlling film 3 can be formed by a sputtering technique using the target which consists of this alloy. In 
using Hf alloy containing oxygen or nitrogen, The orientation controlling film 3 may be formed using the 
target which consists of a Hf alloy containing oxygen or nitrogen, and the orientation controlling film 3 may 
be formed using the process gas which contains oxygen or nitrogen using the target which consists of Hf or 
a Hf alloy. When using for the orientation controlling film 3 the above-mentioned oxide (Si oxide, Zr oxide, a 
Ti oxide, an Al oxide) and Hf alloy containing B, the orientation controlling film 3 can be formed using the 

9 



JP 2002-329305 

target which consists of this Hf alloy. The orientation controlling film 3 which consists of a Hf alloy 
containing the above-mentioned oxide can also be formed by using the process gas containing oxygen using 
the target which consists of Si, Zr, Ti, and a Hf alloy containing one sort or two sorts or more in aluminum. 
[0027]When making the perpendicular magnetic film 4 into layer structure, the perpendicular magnetic film 4 
can be formed using the target which consists of material which constitutes this perpendicular magnetic film 
4. In making the perpendicular magnetic film 4 into the multilayer structure which consists of a transition 
metal layer and a precious-metals layer, The 1st target that consists of transition metals (Co, Co alloy), and 
the 2nd target that consists of the precious metals (Pt, Pd, etc.) are used by turns, and the perpendicular 
magnetic film 4 is constituted by carrying out the weld slag of the material of each target by turns. 
[0028]A sputtering technique, and a CVD method and the ion beam method using the carbon target as a 
formation method of the protective film 5 can be used. By the reactive sputtering using the gas which 
contains oxygen as process gas using the target of RF weld slag using the target of SiO z or Zr0 2 or Si, or Zr. 
The method of forming the protective film 5 which consists of SiO z or Zr0 2 , etc. are applicable. In using a 
CVD method and the ion beam method, The protective film 5 with very high hardness can be formed, since 
it becomes possible to make the thickness small substantially compared with the protective film formed of 
the sputtering technique, spacing loss at the time of record reproduction can be made small, and 
high-density record reproduction can be performed. 

[0029]The orientation controlling film 3 consists of material containing Hf in the magnetic recording medium 
of this embodiment, Since deltathetaSO of the orientation controlling film 3 is smaller than deltathetaSO of 
the perpendicular magnetic film 4, and is made into the range of 2 to 15 degrees and the reverse magnetic 
domain nucleation magnetic field (-Hn) of the perpendicular magnetic film 4 is set to 0-2500 (Oe), output 
characteristics and noise figure are improved and the heat fluctuation characteristic outstanding moreover 
is obtained. 

[0030]It is possible that the reason outstanding magnetic properties are acquired is as being shown below 
by making the deltathetaSO into a mentioned range, and making a reverse magnetic domain nucleation 
magnetic field (-Hn) into a mentioned range using the material which contains Hf in the orientation 
controlling film 3. That is, when deltathetaSO of the orientation controlling film 3 is too small, the exchange 
interaction of magnetic particles becomes large and a noise increases. On the other hand, since coercive 
force distribution becomes large when deltatheta50 of the orientation controlling film 3 is too large, 
degradation of resolution will break out. On the other hand, when deltathetaSO of the orientation controlling 
film 3 is set as 2 to 15 degrees, the fall of coercive force or noise figure can be suppressed, using the 
stacking tendency of the perpendicular magnetic film 4 as good. Since magnetization becomes stable 
enough in the perpendicular magnetic film 4, the reverse magnetic domain nucleation magnetic field (-Hn) of 
the perpendicular magnetic film 4 comes to be set to 0-2500 which are positive values (Oe). 
[0031 ]By using Hf for the orientation controlling film 3, it can be guessed that the reason outstanding 
magnetic properties are acquired is as follows. Since the grating constant of Hf (or Hf alloy) is large as 
compared with the Co alloy which constitutes the perpendicular magnetic film 4, the compatibility of the 
lattice to the perpendicular magnetic film 4 of the orientation controlling film 3 becomes low. For this reason, 
the perpendicular magnetic film 4 does not grow in epitaxial thoroughly to the orientation controlling film 3, 
but deltathetaSO of the perpendicular magnetic film 4 becomes a bigger value than deltathetaSO of the 
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orientation controlling film 3. Since crystal growth in the perpendicular magnetic film 4 is performed under 
the influence of the orientation controlling film 3 with the low compatibility of a lattice, in the perpendicular 
magnetic film 4, the direction of an easy axis becomes a little uneven. For this reason, the interaction 
(repulsive force) of magnetization becomes small, magnetization is stable, and the outstanding heat 
fluctuation characteristic is obtained. 

[0032]When using for the orientation controlling film 3 Hf alloy containing Y, Ti, Zr, Nb, Ta, Rh, Au, aluminum, 
Cr, C, O, and N, the noise figure which stimulated formation of the grain boundary, carried out minuteness 
making of the crystal grain, and was excellent with the above-mentioned alloying elements (Y, Ti, etc.) can 
be acquired. 

[0033]In using Si oxide, Zr oxide, a Ti oxide, an Al oxide, and Hf alloy containing B, Since it has the character 
in which neither these oxides (Si oxide etc.) nor B dissolves to Hf and the grain boundary layer in which the 
above-mentioned oxides (Si oxide etc.) and B carried out the segregation within the film becomes is easy to 
be formed when forming the orientation controlling film 3, minuteness making of the crystal grain is carried 
out. For this reason, improvement can be aimed at for noise figure. 

[0034]According to the manufacturing method of the above-mentioned magnetic recording medium, Hf is 
included for the orientation controlling film 3, Since deltathetaSO of the orientation controlling film 3 should 
be smaller than deltathetaSO of the perpendicular magnetic film 4, and should be made into the range of 2 to 
15 degrees and the reverse magnetic domain nucleation magnetic field of the perpendicular magnetic film 4 
should be set to 0-2500 (Oe), The outstanding heat fluctuation characteristic can be obtained without 
worsening output characteristics and noise figure as above-mentioned. 

[0035]As shown in drawing 7 , in the magnetic recording medium of this invention, the orientation control 
ground film 7 can be formed between the soft magnetism ground film 2 and the orientation controlling film 3. 
As for the orientation control ground film 7, it is preferred to consist of material which makes B-2 structure. 
As a material which makes B-2 structure, what uses one sort or two sorts or more of alloys as the main 
ingredients among NiAl, FeAl, CoFe, CoZr, NiTi, AICo, AIRu, and CoTi can be used. The material which added 
elements, such as Cr, Mo, Si, Mn, W, Nb, Ti, Zr, B, O, and N, can also be used for these alloys. When using the 
above-mentioned 2 element-system alloy (NiAl, FeAl, CoFe, CoZr, NiTi, AICo, AIRu, CoTi), it is preferred to 
make into 40 - 60at% (preferably 45 - 55at%) each content of two ingredients which constitute this alloy. As 
for the thickness of the orientation control ground film 7, it is preferred to be referred to as 30 nm or less. If 
this thickness crosses a mentioned range, the distance of the perpendicular magnetic film 4 and the soft 
magnetism ground film 2 will become large, resolution will fall, and noise figure will deteriorate. As for the 
thickness of the orientation control ground film 7, it is preferred to be referred to as 0.1 nm or more. By 
forming the orientation control ground film 7, the crystal orientation disorder in the orientation controlling 
film 3 can be prevented now. Since the crystal grain diameter in the orientation control ground film 7 
becomes small in using B-2 structural material especially, minuteness making of the crystal grain of the 
orientation controlling film 3 can be carried out. 

[0036]As shown in drawing 8 , in the magnetic recording medium of this invention, the nonmagnetic interlayer 
8 which consists of non-magnetic materials can be formed between the orientation controlling film 3 and the 
perpendicular magnetic film 4. A Co alloy can be used for the nonmagnetic interlayer 8. As this Co alloy, the 
alloy which added to CoCr one sort or two sorts or more of elements chosen from Zr, Nb, Ta, Cu besides 
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CoCr, Re, Ru, nickel, Mn, germanium, Si, O, N, and B can be used The nonmagnetic Co alloy containing one 
sort or two sorts or more of elements chosen from Ta, Zr, Nb, Cu, Re, Ru, nickel, Mn, germanium, Si, O, N, 
and B and Co can also be used. Since resolution will fall and noise figure will get worse when the distance of 
the perpendicular magnetic film 4 and the soft magnetism ground film 2 becomes large if too thick, as for the 
nonmagnetic interlayer 8, it is preferred to be referred to as 20 nm or less, and it is more preferred to be 
referred to as 10 nm or less. By forming the nonmagnetic interlayer 8, the stacking tendency of the 
p er p en di cu | ar magnetic film 4 can be raised, and coercive force can be heightened. 

[0037]As shown in drawing 9 , in the magnetic recording medium of this invention, the hard magnetism film 9 
which consists of a hard magnetic material which has field inner magnet mind anisotropy, and the ground film 
20 within a field can also be formed between the soft magnetism ground film 2 and the substrate 1. It is 
preferred to use the magnetic material which consists of an alloy of a transition metal and a rare earth 
element as a material used for the hard magnetism film 9, and it can specifically mention a CoCr alloy and a 
CoSm alloy. As for the hard magnetism film 9, it is preferred that the coercive force He is more than 1000 
(Oe) (preferably more than 2000 (Oe)). the thickness of the hard magnetism film 9 shall be 20-150 nm 
(preferably 40-70 nm) — it is desirable. As for the hard magnetism film 9, in order that the soft magnetism 
ground film 2 may not form the magnetic domain wall of the substrate-radius direction, it is preferred that it 
is magnetized in the radiate direction from a substrate center, and the hard magnetism film and the soft 
magnetism ground film 2 are carrying out switched connection. It is preferred to use Cr or a Cr alloy for the 
ground film 20 within a field. As an example of the Cr alloy used for the ground film 20 within a field, the alloy 
of a CrMo system, a CrTi system, a CrW system, a CrMo system, a CrV system, a CrSi system, and a CrNb 
system can be mentioned. 

[0038]By forming the hard magnetism film 9, generating of the spike noise by the huge magnetic domain 
which the soft magnetism ground film 2 forms can be prevented, it excels in an error rate characteristic, and 
the magnetic recording medium in which high density recording is possible can be obtained. This is based on 
the following reasons. Since [ that coercive force is small ] the soft magnetism ground film 2 has the 
changeable direction of magnetization, it forms a huge magnetic domain in the field inboard of the substrate 
1. The magnetic domain wall which is a boundary of the magnetic domain in this soft magnetism ground film 
2 may cause spike noise generating, and may become a factor which reduces the error rate of a magnetic 
recording medium. Switched connection of the hard magnetism film 9 and the soft magnetism ground film 2 
is carried out, the magnetizing direction of the soft magnetism ground film 2 is compulsorily turned to 
substrate 1 radial direction, and it can avoid forming the above-mentioned huge magnetic domain by forming 
the hard magnetism film 9 between the soft magnetism ground film 2 and the substrate 1. For this reason, 
spike noise generating can be prevented. 

[0039] Drawing 10 is a section lineblock diagram showing an example of the magnetic recorder and 
reproducing device concerning this invention. The magnetic recorder and reproducing device shown in this 
figure is provided with the following. 

The magnetic recording medium 10 of the above-mentioned composition. 

The medium actuator 1 1 which makes this magnetic recording medium 10 rotate. 

The magnetic head 1 2 which performs record reproduction of information to the magnetic recording medium 
10. 
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The head actuator 13 which makes the magnetic head 12 drive, and the record reproduction 
signal-processing system 14. 

The record reproduction signal system 14 processes the inputted data, a record signal can be sent to the 
magnetic head 1 2 f or can process the regenerative signal from the magnetic head 1 2, and can output data 
now. 

[0040] A single magnetic pole head can be used as the magnetic head 12. Drawing 1 1 shows an example of a 
single magnetic pole head, and outline composition of the single magnetic pole head 1 2 is carried out from 
the magnetic pole 15 and the coil 16. The magnetic pole 15 is formed in the side view abbreviation U shape 
which has the main pole 1 7 with narrow width, and the broad auxiliary magnetic pole 1 8, and the main pole 1 7 
can generate the magnetic field impressed to the perpendicular magnetic film 4 at the time of record, and it 
can detect now the magnetic flux from the perpendicular magnetic film 4 at the time of reproduction. 
[0041]When performing record to the magnetic recording medium 10 using the single magnetic pole head 12, 
the magnetic flux emitted from the tip of the main pole 17 makes the perpendicular magnetic film 4 
magnetize in the vertical direction to the substrate 1. Under the present circumstances, since the soft 
magnetism ground film 2 is formed in the magnetic recording medium 10, the magnetic flux from the main 
pole 17 of the single magnetic pole head 12 forms the closed magnetic circuit which results in the auxiliary 
magnetic pole 18 through the perpendicular magnetic film 4 and the soft magnetism ground film 2. By 
forming this closed magnetic circuit between the single magnetic pole head 12 and the magnetic recording 
medium 10, the increase of the efficiency of receipts and payments of magnetic flux and high-density 
record reproduction become possible. Although the magnetic flux between the main pole 17 and the soft 
magnetism film 2 becomes for reverse, the magnetic flux between the soft magnetism film 2 and the 
auxiliary magnetic pole 18, Since the area of the auxiliary magnetic pole 18 is large enough compared with 
the main pole 17, the magnetic flux density from the auxiliary magnetic pole 18 becomes small enough, and 
magnetization of the perpendicular magnetic film 4 is not influenced by the magnetic flux from this auxiliary 
magnetic pole 18. In this invention, the compound-die thin film magnetic-recording head which equipped 
things other than a single magnetic pole head, for example, a regenerating section, with the giant 
magnetoresistance (GMR) element can also be used as a magnetic head. 

[0042]As for the magnetic recorder and reproducing device of this embodiment, the orientation controlling 
film 3 of the magnetic recording medium 10 contains Hf, Since deltatheta50 of the orientation controlling 
film 3 is smaller than deltatheta50 of the perpendicular magnetic film 4, and is made into the range of 2 to 1 5 
degrees and the reverse magnetic domain nucleation magnetic field of the perpendicular magnetic film 4 is 
set to 0-2500 (Oe), as above-mentioned, output characteristics and noise figure can be improved and the 
heat fluctuation characteristic outstanding moreover can be obtained. 
[0043] 

[Example]Hereafter, an example is shown and the operation effect of this invention is clarified. 
(Examples 1-21) The washed glass substrate 1 (made in Ohara, outer diameter of 2.5 inches) is 
accommodated in the film forming chamber of DC magnetron sputtering equipment (Anelva CORP. make 
C-3010), After exhausting the inside of a film forming chamber until it was set to ultimate-vacuum 1x10 " 5 Pa, 
the soft magnetism ground film 2 (100 nm in thickness) which consists of 89at%Co~4at%Zr-7at%Nb by 100 
** temperature conditions was formed by the sputtering technique on this glass substrate 1. Subsequently, 
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the orientation controlling film 3 which consists of Hf or a Hf alloy was formed by the sputtering technique 
on the soft magnetism ground film 2 by 200 ** temperature conditions, as a Hf alloy, an alloying element 
(one sort among Y, Ti, Zr, Nb, Ta, Rh, Au f aluminum, Cr f C, O, and N), an oxide (one sort among Si oxide, Zr 
oxide, a Ti oxide, and an Al oxide), and B are included — it used. An alloying element, an oxide, and content 
of B were carried out as shown in Table 1 (inside of Table 1, content). Subsequently, the perpendicular 
magnetic film 4 (30 nm in thickness) which consists of 68at%Co-16at%Cr-14at%Pt-2at%B was formed. In the 
above-mentioned sputtering process, membranes were formed with the gas pressure of 0.5 Pa, using argon 
as process gas for membrane formation. Subsequently, the carbon protective film 5 (5 nm in thickness) was 
formed with the CVD method. Subsequently, with the dip coating method, the lubricating film 6 (2 nm in 
thickness) which consists of perfluoro polyether was formed, and the magnetic recording medium was 
obtained. 

[0044](Comparative examples 1-3) To the orientation controlling film, the magnetic recording medium was 
produced using the material shown in Table 1. 

[0045](Comparative example 4) The temperature conditions at the time of forming an orientation controlling 
film were 290 **, and the magnetic recording medium was produced. 

[0046]deltatheta50 of the orientation controlling film 3 of each magnetic recording medium and the 
perpendicular magnetic film 4 was measured with the X-ray diffraction method. A measurement result is 
shown in Table 1. The magnetic properties of each magnetic recording medium were measured using 
read/write analyzer RWA1632 by GUZIK, and spin stand S1701MP. In evaluation of magnetic properties, 
SNRm was measured on condition of linear recording density 10kFCI (S 0 ) and 600kFCI (N), using a single 
magnetic pole head as a magnetic head. S 0 means a solitary wave form output and N means the noise in 
linear recording density 600kFCI. The reproduced output signal was measured on condition of 100kFCI. A 
test result is shown in Table 1. He shows the coercive force at the time of making a magnetic recording 
medium magnetize in the vertical direction to the substrate 1. 
[0047] 
[Table 1] 
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[0048]Table 1 shows that used Hf or Hf alloy for the orientation controlling film 3, and the result of having 
excelled in the orientation controlling film 3 about coercive force, a reproducing output, and SNR compared 
with the comparative example using other materials was obtained in the example which made deltathetaSO 2 
to 1 5 degrees. In the example which made thickness of the orientation controlling film 3 the range of 50 nm 
or less, the result of having excelled about a reproducing output or SNR was obtained compared with the 
example which set up thickness out of this range. 
[0049] 

[Effect of the Inventionjlf it is in the magnetic recording medium of this invention as explained above, The 
outstanding heat fluctuation characteristic is obtained without worsening output characteristics and noise 
figure, since deltatheta50 of an orientation controlling film is smaller than deltathetaSO of a perpendicular 
magnetic film as for an orientation controlling film, and it is made into the range of 2 to 15 degrees including 
Hf and the reverse magnetic domain nucleation magnetic field of the perpendicular magnetic film is set to 
0-2500 (Oe). 

[Brief Description of the Drawings] 

[Drawing 1] a 1st embodiment of the magnetic recording medium of this invention is shown — it is a 
sectional view in part. 

[Drawing 2] It is an explanatory view explaining the measuring method of deltatheta50. 
[Drawing 3] It is an explanatory view explaining the measuring method of deltathetaSO. 
[Drawing 4] It is a graph which shows an example of a locking curve. 
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[Drawing 5] It is a graph which shows an example of a hysteresis curve. 
[Drawing 6] It is a graph which shows other examples of a hysteresis curve. 

[Drawing 7] other embodiments of the magnetic recording medium of this invention are shown it is a 
sectional view in part. 

[Drawing 8] other embodiments of the magnetic recording medium of this invention are shown it is a 
sectional view in part. 

[Drawing 9] other embodiments of the magnetic recording medium of this invention are shown — it is a 
sectional view in part. 

[Drawing 10] It is an outline lineblock diagram showing an example of the magnetic recorder and reproducing 
device of this invention. 

[Drawing 11] It is a lineblock diagram showing an example of the magnetic head used for the magnetic 
recorder and reproducing device shown in drawing 10 . 
[Description of Notations] 

1 [ — A perpendicular magnetic film, 5 / — A protective film, 10 / — A magnetic recording medium, 12 / — 
Magnetic head ] — A nonmagnetic substrate, 2 — A soft magnetism ground film, 3 — An orientation 
controlling film, 4 



[Translation done.] 
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*u EiRiMMHtfH f *-ara^ EfirtWiioAoso^ 

SKHBEttMO A 0 50cfc D^J^^" < s ^2-1 5 ftoSEH 
i:$n, Sifi«^©iSS«K«*««^0-2 5 0 0 

(Oe) h?£tlT\i^t£&ffltLt?&a 

[0 0 0 5] 

#HKtt»tE l ±fc««ttT«6i2 fe> EIRIS0WM3 fe> 

l©IlO¥^RaH 0. 0 1~2nm($?£L 40 
<&0. 05—1. 5nm) ^1"SO^!?lt£So S 

[00063 *«ttT««2tt, sia«ttM4o«{b* 

Sfifcbm Fe*6 0at%tt±*fitSFeftfe 
^fflV^c^^fSo clOTOilLT^ FeCol so 



^(FeCo, FeCoV&H), FeNiS^i 
(FeNu FeNiMo. FeNiCr, FeNi S 
i ftH) . F e A 1 ^-a-^ (F e A U F e A 1 S U 
FeAlSiCr. F e A 1 S i T i Ru&O , Fe 
C r (FeCr, FeCrTi, FeCrCu^ 

fe) . F e TaMi (F e T a. F a T a C&fe) . 
F e F e N^n^ F e S i F e P 

F e N b F e H f %G&&mf%> £ £ 

&T*%Z> 0 IMttTW2^, F e A I Ox FeMg 
O. FeTaN, F e Z r N&£©HOTttSfr5&** 

fcfe-e#So *«ttT*il 2 tci ti, ±EOIi*Co4 8 
0 a t %«±ttL, ^OZ r N Nb. T a, C r . M 
of^^ 1 ii/c^ 2i«±K±4ttt§ C o^t 
*MV^«C:fc^#So Mxtf, CoZr. CoZrN 
b. CoZrTa, CoZrCr, CoZrMoSS* 

[0007] ttaatttT»K2«. *o«sftiaa?Bfiw 
-r«**n^*So R«ttT*«2o«a*H:Rr 

#g&KD/h2<^S£fe3bW£bv^ ^fflfifycfc*. 2 
00 (Oe) (15.8X1 0 3 A/m) ±D/hS<"r 

[0 0 0 8] (RKttT*lli2©j|r*tt. ««ttT«12 

*»SBs (T) fe. *«tt-FSMl2 0aWtt (nm) 
©tTfe^B s • t (T ■ nm) %\ 4 0 T • nmfiLh 
(»$ L < & 6 0 T • n m&Lt) C fe Si: L 

[0 0 0 9] $MttT«I2 0iI (H 1 ±BS) 
tt, *«ttT*M2*«« fc rs«^gB»»*fett^ 

S) ©JPSt±0- 1 nmW±3nm*»i:t5©^ 

s I MSffiftH(c«fc08IR'r«e:fctf-e*«o 

*fe*«ttT*«2*ffi©ftfb«» cmm) <om^ 
a, ffliitwfaftwfffioSjafflw^BfWH (tem) ?s 

[0 0 10] ElRl*J»I83tt. tt±fcffitt5lil«tt 
«4 0Elfttt^»tte*M«^*ft«)fc:WJ6n»:il 

^3^M^feLTti. Hf»Tfe^U Hffeffi 
[0 0 1 1] C^3H f*4kbTI4, Y, Ti, Z r. 
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Nb. Ta, Rh. Auu AK Cr, C x O, N<D? 

WJkLTte. Hf-Y, Hf-Ti, Hf-Zr, H 
f-Nb, Hf-Ta, Hf-Rh. Hf-Auu Hf 
-A K Hf-Cr, Hf-C, Hf-Ck Hf-N^ 

COO 1 2] EftSU»l5fi3fc:. Y. Nb, Ta. R bu 
0 . 1 — 1 0 a t % L < fc* 0 . 1 — 5 a t 

%) fc-r«©3waan***o Tuzr.Aucr© 

Ei&ffl»M3*fcfe»SiSto7E*©'&**tt, o. 
1—5 0 a t % «f$L<&4 0. 1—3 0 a t %) 

H\ ElRlftHB«l3*K:fcttSC<sC)*S*^ 0. 1—3 
0at% OfSKIiO. l-15at%) fctSOtf 

f -&&*IBi^S»&fcl4. EiSMWIii3*fc*3»5j»bn 20 
TtJi (O. N) <D#W*&. 4 0 a t %&CF «?£L< 
fct30at%JMT) fc*r«0*«»3iR?i6So Ck N^t 
^PP&4, 1 a t%W±WSOtf!fSU\ W&U7xM<D 
«***±IBi5H*aitS*&fe:«. El*fl*MPI«3<DE 
lfttt#WbU SlWtt«4flC)ElRltt««*{bU 

[0 0 13] ElRl#J»M3k:tt. S i »ffc«K Z r^{k 

*k t i KfbNi. a 1 mem. Boa-Bfrsaarn* 1 

■Sfett 2«JK±**&H f £&*/Bi^S £ k t-e* 

£0 L^Hf^IttMi:LT^ Hf-SiOz, 30 
Hf-Zr0 2 . Hf-TiOa, Hf-AhOs, Hf 
~ B*WS C fc#T?« 0 EiaHWIM»3 *te:fe^T. 
-UBWS (S i SHttk Z rltt T i BHfcttk A 1 
ffiftftk B©5^11tt±) (0^***4^ 1-50 at 
% (»S L < 14 1 ~4 0 a t %) kt«Otf!ffI-P.S 
£0 C<Od**tf±E*H*ai^S»^fc^ ElRl*J» 
H 3 ©EfRltt^Sfb U SlSfiMK 4 ©Elfttttf 3&f b 

Sfc, El&SJ»«3fcfcl\ ±iH*ta73l6. »fb«k Bfc 
tfT*& < . ElRlf&OSWK 3 (DjB»«IJS*»b*^rftv^<fiH 40 

[0 0 14] *Sffimi^«miB^f*^^^T. iE[R3 
©JOTI 3 (0 A 0 50*4, SSMttfll 4 <0 A 0 50 £ *> 
< s fr02~l 5jR 0?*L<tt2— 1 OS) <DigH£ 
£tlTV^o EfaftJWK3<DA 0 5(Hi, ±EKH*j»T? 

H^S^^i:. ^jBtetfffiTfSo c^TV^ A 050k 

t4. BI«ffiJt:*» S WSOElRlffi^ WT S a v * 1/ 



**fifc»!Bfc:*si/^ Kf^Mt»fll30A 05Ok&. he 

pItjgOgHfplffi (0 0 0 2) tit^feOTfe^o 
[0 0 15] KT> El5l*J»ffi3*ffiO A 0 5O*Slffi-T 
S»&*«i:bT, A 8 50OiW«S*KB8-rSo 

(1) t?-^taw*« 

tVx^d^ x»x«2i*aH»u [HiJifxia22^ 

|Hl»fX««mj»2 3*«:cfcoTtftttl , rSo 2 3 ©fit 

gt4, clOtfcffi»2 3J*lJ:ortta*nSlHfflfX«2 2 
£>A*fXS2 lfcWTSftfi CUhfXH«2 10SAK2 

^x*Daffifc3t-rsxt«seo2fg. t^2 9^ 

a**aKISB£r5o A3#X«2 l*JHIrtr*IRfc:tt, 

xVX^DOfn]^^ffc^^^^^^cfcDAI^XS2 1 

©jUtfSe*£fb*-fr*kfcfefc:* cti^il?^ 

^fflt§23ofuB^. msfxjS2 2 0AWxsg2 ncjt 

2©as**«im«2 3^£i3$)5&r£0-2 ex^> 
5£*fft\ 0 ^msfxe2 2ogs*fcoHff*H^ in 

JjfX®2 2*Dgj|flE^«fc*:4:a«J:3fttftlH«2 3©ffiB 
^St^-TSo co«ita«fi[1tfc:43»SlHl#rXli2 2 0A 
»X»2 1tJtrsftS2 0*, 2 6pfcV^o»6ft 
fc^S2 0 P J;^ EfR]SiJ»M3«3i^*5i/>T^EW^: 

[0 0 16] (2) P7 + >^llO^ 

2 9tf2 0pi:4oftffitlcHSU ^ffit§2 3^rH^ 

^mt§2 3fc«fcoT«mj^nfcniwxii2 zcomAhto 
e^r, mjjfx^2 20M2 e^2 0 ptaoftfiaiic 
igaffio-?^ x ^ d ffitc^-r ©^***-r fe ^ k 

A 050^^4. COn-y+'V^ftafc^TaKElRlB* 
[0 0 17] ElRlffl0R3 0JP£fc]:5 0 nmJXT 0?S 

««±iEiBH*a*afc. Eisi*j»K3rt-ettaftofia 
fafflmm 3 »-r # naaitattHi 4 ojeaEiRitt* 

tSOWSL^o E^$iJfflfli3t4, hcp«5i^i:^ 
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^(c&iltcElRl Lfettttitt?* D . £ ^SitmttM 4 ic 

Pt^ CoPt^i, S^l^ictie^i^T 
a. Zr, Nb. Cu, Re. Ru. V, Ni. Mn. 
Ge. Si. B. O. NftH3^6atftlS l8ISfett2 

[0 0 19] I]tittl4B, J»**iftfci5-aJWMI 
iifc-TSChfeTf^SU (Co. Co§#) 

fr&asJifcH&JR (Pt, Pdf) 10 

r P t5R^f»C o P t»^ftif*ffl^5CfctfTt 
£ 0 C o C r P t^^ffll/^S^^. SSffi^S 
^tt^iSftSfttf). PttfK8~24at%^« 
CfctfcfeDSfSLVN, Mll^f^^O. 4—1. 4 
nmOBlkt30i*SU>o tOSStfO. 4nm 

<t o /Jn^ < a £ h . h c ^wmm&^mmm& 

Tt-Sfckfefc:*©JllP©K^iWBIL <&D. 1. 4n 

0. lnm-0. 6nm OfSKtiO. 1 
-0. 4nm) fc-rSOWffiBT'a&So £ ^IMIl 

jnae«*affl-rsc:fcfe7»#So Ji{*wta*. t b f 

e C 0*d4aH<0*±SB7aiS**&dA*fflV^<lfc 

C0020] sit«ttiii4ojpstt. aw^-r^w^m 

[0021] zcomms&mfo-£&. mmsmmiom 
mmmmm- c-Hn) tfo-2500 coe) ^ 

(~Hn) fctt, (MHttfiO tefc 

^s*s»bt, nanB^okasjfia*6«{bE« 

*iEe:-rjSb*t?offi«i (Oe) -ettch^t^o 



(H5«#ih) . ske* jab». ^apa»*^jEfc 
[0022] umm 5 s-ie^ttfli 4 <oat&&m<: t 

RTtTZMSt). BOfctfC, S i O2. Z r 

£ fc c n 6 *±J*# Lft&TcSK^C? fe ©*MBfli rTSB 

T85o fi!lli5<D*?tt, 1 — 1 0nm<DffiH£?*a 

[0 0 2 3] 5B»M6t<:^ ^— 7;l/*P*U3i— r 

[0024] ±mw&<Dmmmmfo*wtm'irz>iz},±, 
m 1 jc^-ras 1 x;^^Mifta?)tittT 

SI2WU *eaife:j£i;Te:©ft»ttM2 
©ftffifclfcfbfflSiSfiU 3fcV^lElRl»JI9R3, SiKH 
ttH 4 £r|iS^X^ ^ £ £ K <fc D JFMlT S o #v > "£\ 

x/^y*ji-*\ cvds, ^t>e-ASita-3ts 

[0 0 2 5] 3: ft. tt«ttT»M2 0«ffifc:K{k«m* 
»ti*ictt, •BKttTtf«2«»*bfc«, *«ttT 
»«2*|fc**fi-3EfXK:BII'r*i£^ ttaBEttTftSM 2 © 

»ttT*si 2 0 . 1-30 #sfti*r*ffi*& 

Scli:^t^o 1 0- 4 ~1 0- 6 P a(DM 

QmcMlsX l 0- 3 P aJM±©tt*3ffXJEO*H««e:* 
IttT*l2»0. 1-3 OSfMBWrcfcT?, »S 

yp-feX5JX^K**»A-rs«^fc:tt. M^MIS 

oyp-feXiSfXfc LTtt^ ^J^^T;VrfV^^*^rftffi 
^0. 0 5 %~ 1 0 %Sftffl-&bfe3ffxW»3lfc:ffli/^ 
BWo co«t«ttT*«2<oafflllfbK:J:oT. fi^M 
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ttus 2 ±fc:»«stiaEiRiiwiP« 3 oneae*«awftb 
to o 2 6] mmmmm3ic Hf»5^^ 

iRi«y»M3*JBJ*"r«e:fctf"ff*So Hf§4»5 

H f -&&*JH^S»&fc:a\ 
fettffijR*'&trH f h^ffli^TE 
[Rl*J»M3*»*UTfeJ:^U Hf SfcfcfcHf 

ni-feX*X*ffl^TElRl»J»M3*JBritLTfeJ:^o K 
lSl»J»M3fe:. -tfHMfbftf (S ilfhft. Zr» 
Ti»fb«k AIM) x B***yH f -&&*/Bv»S 

ia»J»M3*»**rSCi:*« , T?#So SftSi^ Zr, 
TK A 1 CD5% l«*tett2aW±**«rH f 

smv^dtjCcfcoT, ±EHft»*"a , «jHf 

ft £ EIrI#J»« 3 * JB jfif SCkWtSo 

-T^tl^C^. 3^#J1 (Co, Co^i) ^64SS 
hk, (P u Pdf) fr&ft*» 

[0 0 2 8] ««M5 0JBja*ftkbTtt, 
AS»§^^t§ 0 Sfe. SiO2^ZrO 2 0 

X*S^SEJ6ttX7^y*fc«fcoT. S i0z^Zr02 

-^y^DX^ < U fiSSac^lHS^^fxd E 

[0 0 2 9] 2|^fiBBIt<D«*IB««(*Ta, Efi)#J» 
«3»Hf«*tr»»fr6ftt), iHWJ®M3^Ae50 
*V IfiIttH4©A 05O£i9/J^<, *02~1 5g 



10 

ofssh^n. Man»ttta4<D3fflaBtK«E«*ai? (-h 

n) #0 — 2 5 0 0 (Oe) iSnil/^OT, 

[0 0 3 0] Eia«»Bl3fc:H f **tt*m«fflv\ t 
OA e50#±lBIEB*:U (-Hn) 

£ Q ElRl*J»ai3OAfl503bVjN*affs»& 
if5»£*-i±. <ft«fe*, 

»gftlf5o ttitJtl, E|pI$0ffllfli3OA 0 
50^2-1 5Jg^f£^bfcifl^:te\ ®S«ffiK4<DE 

ffc««-h»K:ft3e 4: ft S SiffiHttK 4 ©aSKESgE 

(-Hn) b\ iEfiDffiT^SO — 2 5 0 0 (O 
e) kft^^^tcft^o 
20 [0 0 3 1] EfqjSa»»3tCH fSffl^SCttio 

*kj«r7**o sia«ttHi4*a«"rsco^ttt: 
«>. EfRi*jfflifli 3 oiiiss 4 ^atr 

tttt<« 0 HCDfc&b^ SiSffifflK4fcj\ EfaSfflffil 3 
fc» LS^fc: t± ji tf ;bWfrc^JS^-r. 
14©A 6 SOttElRlSllflUK 3 O A 0 50£ D^ftfS^ft 
£ G SlS«tt«4UH3»SttafiK*tt. WfOMfttttf 

ffiv^EiawwasoBaTTfxfcnaft*. sanKttK 

<Dfc*. KftH3LO«Effffl CfifS*) #/Jv£<ftD 

[0 0 3 2] Y, Ti, Zr, N tu T a, R 

h. A u, A K C r. C. O. N^ttfHf^E 

»ii3n:ffli/^^^ ±mmujx:m (Y. T i 

[0 0 3 3] S i a<t», Z r SHb#k T i BKb 

40 cnsifb* (s iKfb^ftH) ^BtfHftisu 
^Mtft*frr*fc»^ EiRr*nia3WB*r*«ic:, k 

fi-e±e»ft» (s iWfc*ftif) *BtfMfLft8ff 

[0034] ±9mmmmw(om^m^^n 

EIRISIWM3*. Hfm, ElRlSiJfBM3 0A 0 
50#\ S*Saffilt40A 0SO±!3/Jn*<, #0 2-1 5 
jg^iBffl^n. IllttI 4 ^IIE8M8ff^ 0 
-2 5 0 0 (Oe) fcSftftfeOfctSO'e, ±5zE^il 
50 m*#tt^J:OV^XWI4^M{b^^:Sckft<. 
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[0035] in 7 J; 5 &k *fi«tiaiif* 

-t?fcl\ ttSKttT*M2fcEiRifW»M3fc<Dfflfe:, Eftftl 
«TF*l7*fi»SCi:tftt«o SEfa$iJ$PTi&fil7 

V\> B 2«3&&ft-rWftk LT^ NiAK F e A 
K C o F e, C o Z r . NiTi, A 1 C o. AIR 
u. C o T" i 05 % 1 ISfett 2BCUiO^*±J*» 
fc-rSfe<DA^ffifflT#*o Site. Ztlt>(D^&teC r. 
Mo. Si.Mn. W. Nb. Ti.Zr.B. O, N 10 

#07f***inUfca»*ffli/>sc:i:fe-tf**o ±IH2 

7C^-&^ (NiAK FeAK C o F e , CoZr, 
N i T K A 1 C o, A 1 R u, CoTi) ^fflV^S® 

-ftlk 4 0 — 6 0 a t % L<«45~55at 
%) fct«©#ffSL^o ElRl*S«rF*il7 0JP*t±, 
3 0nmttTk«Otf»SU\ C©»S#±1B«5B 
£r;gx. S k . ^SEiMttlSI 4 k tt»tttT4UR 2 k ©El*** 

ElRl»J»T«Ml7<0/P2tt, 0. lnmttlfcfSOtf 20 
Eia»J»T*«7*HttScii:»*:J:oT, MB 

fp]fflfflii3 »ci3»aii5aEiRittoan«i»^c tffw 

EiRiffiffR 3 0mHtt&Wn(bt& 7 k 
ft£ 0 

[0036] B8 K^-r «t 5 jc, ^mmmmmmte 

T?tt. ElRlSI»M3i:SB:«ffiS4i:©m^ 

**** £ ft * iHttttfimM 8 ^igtf acfcmsoJW 

Co^tUH CoCr©S*\ Ta. Zr, N 
b. C u. Re. R u, N K Mn, Ge, Si, O. 

n. Bfrsatftt* iasfctt2aw±07aK*c.o c 

r. Nb. Cu. Re. Ru, NK Mn. Ge. S 

k o. n. B^eaans iasfcti2«cuio55* 

k, C o t^t£?»ft©C o^IV^c tfet^ 
£0 #«ttt*MI«8tf\ JP^f£kffiBratt«4k«a8 
ttT«§I 2 k <Dtm&iz1z <^c^W5 

[0 0 3 7] 09 ICTfctk 5 ^, *»BB©«*E««t» 
tt**^S««tt«»^6ftSgB«ffiH9 kffirtT*M 

fifcim *^«k#±*7G*k©*&fr6a*« 

^ CoS m^&tem?* L^OTt^o ffiffittK 9 50 
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fct. SftfjHctflOOO (Oe)W± (ffiF$L<tt2 

0 0 0 (Oe) W±) 7?6Scfctf!fSU\ HBKffiK 

9£>ffSfcJ\ 20~150nm (^L<^40~70 
nm) k-T^^^Ll/^o nttttW9tt. ttBKITFiSBt 

ttTMl 2 ^$M^LTV^ £ ktf Li/\> ffii*TF 
«i2 0ttt, C rSfcttC r^*JBV^©#»SL 
V\> IflT* 2 0 C r ^©Mi: LT 

CrMol, CrTiL CrW^ CrMol, 
CrV^ CrSi^ C rNb^O^SWSCfc 

[0 0 3 8] WBBttt«9*»»Sclk^J:oT. 
T±ti§t 2 ft^M^r S &fcft ffi Etc iSX/W^/^X© 

»**B&<?ck*^^ x^-ix-M#itK:«n, mm 
aaastf RT*ft««E»«f**»s c k#T?*s 0 

lRlJi:gi*:a«B:*JBJ*f So e:o*«tt"F«Mi2Pfi(OBBt 
X'W*y>fX38£©!KHkft 
t). a«iHS«<*OaL-7--u-h*ffiT^-^SSHkft 
S c k*M&£ 0 S^ttil 9 fcWSflfFSMI 2 kS« 1 k 
^ US fcRW- £ d k <fc 0 . ffittttK 9 k ifc?lttTittJB? 2 

Sffii¥S*i&fc:iRltt. ±Eg*IKW8*«h4^J; 

[0039] Hi o&. *«Wfc«S««E»W5fe»K 

ff£Sft& ±K«JS©«SCK»«tti Okx 
EOftftl 0*linEB»**««lf«HBWl 1 k. Km 
KSftftl 0lc»UTflHli©ia«IISfe*ff9««^yH 
12 k. F 1 2*K»**S^\^ KJBIHB 1 3 

k. E»S3fe«^«^Rl 4k*fll*T^So ffi^S^ 
ff^l 4^. A^J^n/fc-r-^^fflLTlHSM^ 
K 1 2tc3iofcD, ««^n^ K 1 Zfrt><DW£. 

[0 0 4 0] mSSr^y F 1 2 k LTtt, #«S^N^ F^ 

ffli/^cj:tfT?ts 0 01 ^Bata^yKo— AM* 

/Tt^OT, *««^^K1 2«4, SSI 5k. 

1 6k^6«is«««nTv^So lii 5t±, mom^ 
^mm 1 7 k*gi£©ffiKiiKffi i 8 t&m-rzmmmfc^ 
ttjttc.mj&'&tu ±mmi 7&. mmmcmmmiim* 

oaS*^1$ttl*rs c ktf J:5 tz:ftoTV^^ 0 

[0 0 4 1] #««^n^ F 1 2^fflV>T. ^m!H^«f* 
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T*K2 3b^»^5nT^Sfc»x M1^7F1 2 0$ 
SKI 7fr&<D«JK«\ ^«Mttil4. *«ttT««2 
^I^tMMIi 8^1§iW^Mt^o ZKDEfl 
BHt»**««^'y F l 2 h^tlffi§lS£{* l 0 hcomicm 

Ml 8 fcOH©«*fc*. l 7 h»tf&ttlt2 fcom 

Ml 7 k:£t^T+^j£^OT\ IfSbKffii 8*6<DI 

fiWOfeO. ffll^afS3fefiS^B*««fiSt (G MR) fg 
[0 0 4 2] #^®«©«S^»?f^«tt, ««IB 

igjif* i o oiBfRiMsn 3Mf KfiffiiMK 3 

~ 1 5 ft^iBH i: *tu MKtt« 4 OSffiK&KBrtft 
^0-2 5 0 0 (Oe) i:?ntv^©t% ±*Btf3il 

AS £ SfWtt * » S C t IP * £ o 
[0 0 4 3] 

(^fiseo i~2i) jjti^iflf*o^xa« i eav^tt 

a (7*;w«fic-3 0 l o) ©fiRM^^^^fifciR 
§U mMM^S&l x 1 0- 5 P a kft«STJ«lll^> 
;^^ftL/cf, co^X»t6l±^ 10 0TO 
8 9a t % C o - 4 a t % Z r - 7 a t %N 
bfr&&£«»teT*M2 1 0 0 nm) ^X/W 

^CJ:DML/Co 39?1^7*, 2 0 0°C^Sj^ffT\ 
*IHttTS6«2±k:^ H f Sfc^H f <&&fr&a3EffiJ 



fcfc. ^iPTC* (Y. Ti> Z r, Nb, Ta. Rh> A 
tu A K C r . C, 0, N©^ll) > ffiffclfcl (S 

i H{t«k z r WWto. t i a l m\M<r>o^> 

it) . B*$tyfeoffl^/co SsJraTtJI, Kffctt, bo 

68a t%Co-16at%Cr-14a t % 
P t - 2 a t % B frZ&ZmSMISEm 4 3 0 n 

m) ^rffMbfco ±IEX/<*y#U V^xe^fe^Ttt. 

0. 5Pa£T*i*ffofto *W CVDffiJCcfct) 
5 (P2 5nm) fcJgjSLfco 

[0 0 4 4] (Jtttffll 1 ~ 3 ) Elqlft90K(C^ g 1 IC^k 

[0045] (yam 4 ) Eift»j«M***r 
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